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Claim 

wherein the at least 
two LEDs emit at least two different colors; and 

providing a controller for controlling the at least two LEDs, wherein 
the controller is associated with a program signal input. 
102. A method of claim 101 further comprising: 

providing memory for storing lighting control signals wherein the 
memory is associated with the controller . 103. A method of claim 10 1 
wherein the program signal input is at... 

...backlighting of the LCD panel. 107. A method of claim 10 1 wherein the 
controller independently controls at least two of the at least two LEDs. 

108. A method of claim 107 wherein the controller controls the LEDs 
with pulse width modulation. 

109. A method of providing a telephone comprising... 



.wherein the at least 



two LEDs emit at least two different colors; and 

providing a controller for controlling the LEDs wherein the 

controller is associated with a program signal input. 

110 . Amethodof claiml09whereinthetelephoneftirthercomprisesatleastoneofa 
telephone, phone, cellular phone, digital phone. . . 

.wherein the at least 

two LEDs emit at least two different colors; and 

providing a controller for controlling the at least two LEDs wherein 
the controller is associated with a sensor. 112. A system for 
identifying the origin of a phone... 

.wherein the program signal includes information regarding the 
origin of a phone call; and 

a controller for changing the color of the back lighting system to 
correspond to the information. 113... 

.LEDs wherein the at least two LEDs are at least two 
different colors; 

providing a controller wherein the controller independently controls 
the at least 

two LEDs and is associated with a program signal input... 
. comprising; 

a panel having a liquid crystal; 

an illumination system for the panel comprising a plurality of LEDs 
of different 
colors ; and 

- 77 a controller for controlling the LEDs to illuminate the panel in 
response to an input signal that is representative... 

.gaming device, a portable device, a pager, a calculator, a computer, an 
information device, a display screen, an MP3 player, a music player, a 
minidisk player, a CD player, a DVD player, and a satellite phone. 

116 . Asystemof claimll4 , whereintheinputsignalrelatestoanincomingphonecall 
lo and wherein the illumination system is controlled to indicate 
information about the call. 

117 . Asystemof claimll4 , whereintheilluininationsystemaltersthedisplayasan 
indicator of an incoming call. 

118. . . 

.device, wherein the input signal is related to stock market infonnation, 
and wherein the background color of a display of the wireless device 
changes in conjunction with changes in selected stock information. 123. A 

.about an account. 127. A system of claim 1 14, wherein the panel 
comprises a display panel for a game and wherein the input signal is 
associated with input from the. . . 

.the game. 130. An automotive instrument panel with informational 
lighting comprising : 

at least two different colored LEDs; 

a processor wherein the processor controls the at least two different 
colored LEDs and the processor is associated with a receiver for 
receiving signals; an instrument display wherein the at least two LEDs 
are directed to cause 

illumination of the instrument display ; 

a sensor for sensing and transmitting signals. - 79 131. A system of 
claim 130 wherein the LEDs are directed to illuminate the instrument 
display by at least one of edge lighting, back lighting , and surface 
lighting, 132. A system of claim 130 wherein the instrument display is 
at least one of an instrument panel, panel tachometer, speedometer, 
clock, pressure gauge, temperature... 

.the memory is associated with the processor; 

wherein the memory is capable of storing lighting control signals and 
the processor is capable of retrieving the control signals for 
controlling the LEDs . 



. . , system; 

wherein the information system provides information about the item and 
the illumination system is controlled to provide illumination that 
indicates the information. 230. A system of claim 229, wherein the... 

...acceleration, exposure to forces, exposure to vibration, exposure to 
light, exposure to shock, exposure to electricity , exposure to sound, 
exposure to humidity, and exposure to magnetism. 234. A system of claim 

...amount of time in excess of a selected amount of time, 

238 . Asystemof claim229, whereintlieilluminationsystemgraduallychangestoa 
selected color with the passage of time. 

239 . Asystemof claim238, wliereintheilluminationsystemchangestoredwith 
passage of time. 240. A system of... 

...facility. 246. A system of claim 229, wherein the information system 
stores first information for controlling illumination prior to an item 
being displayed for retail purposes and second information for 
controlling illumination when the item is being displayed for retail 
purposes. - 91 247. A system of claim 24 6, wherein the first information 
controls . . . 

...of providing an indicator for a package, comprising: 
providing at least one LED: 

providing a controller for generating and communicating control 
signals to the at least one LED wherein the controller is associated 
with a program input for receiving 

signals indicative of environmental conditions; and 
providing . . . 

. . .A method of providing a package indicator comprising: 
providing two or more LEDs: 

providing a controller for generating and communicating control 
signals to the two or more LEDs wherein the controller is associated 
with a program input for 

receiving signals indicative of environinental conditions; and 
providing. . . 

...system; wherein the information system provides information about the 
item and' the illumination system is controlled to provide illumination 
that indicates the information. 

251 . Amethodof claim250, whereintheitemisapackageandtheillumination 
system indicates information about the. . . 
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Detailed Description 



Detailed Description 

handheld vibration monitor 20 is shown in side view and top view 
respectively, illustrating the display 26 and keypad 28 on the housing 
21 in Figure 2a. In addition to the display , which advantageously 
comprises an LCD display , several different color alarm USDs 27 
may also be provided. The keypad 28 may include three separate function 
keys. One key 30, preferably comprisles an "ONIOFF" key for unit 
activation. A second " BACKLIGHT " key 32 turns a display backlight 
on and off. A " DISPLAY " key 34 allows the user to scroll through 
several alternate displays , such as a display of the value 
currently being measured, a display of current alarm setpoints, or a 
display of current danger setpoints. 

In some embodiments of the present invention, two "TAKE DATA" buttons 36, 
38. . . 
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Detailed Description 

Detailed Description 

handheld vibration monitor 20 is shown in side view and top view 
respectively, illustrating the display 26 and keypad 28 on the housing 
21 in Figure 2a. In addition to the display , which advantageously 
comprises an LCD display , several different color alarm LEDs 27 
may also be provided. The keypad 28 may include three separate function 
keys. One key 30, preferably comprises an "ONIOFF" key for unit 
activation. A second " BACKLIGHT " key 32 turns a display backlight 
on and off. A " DISPLAY " key 34 allows the user to scroll through 
several alternate displays , such as a display of the value 
currently being measured, a display of current alarm setpoints, or a 
display of current danger setpoints. 



In some embodiments of the present invention, two "TAKE DATA" buttons 36, 
38. . . 
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Claim 

... corrective signal. 

In such an embodiment, data collector 32, is 
reconfigured as a stand alone, portable spirometer, 
including apparatus f or using a modified dithering of 
the input signal and thus improving the resolution... 

. . . flow 

chart shown in Fig 17. Figure IG illustrates a 
hardware connection wherein a correction voltage , 
generated as a pulse - width - modulated signal (PWX) by 
the module of Figure 14 (or elsewhere) on the TDS2020 
boardr is converted to a DC voltage by a low pass 
filter (LPF) 52 and is symbolically added by adder 54 
to the pressure signal from the transducer, as 
amplified by amplifier 56. The PWM signal may be 
generated by a circuit such as timer 48 of Fig, 14, and... 

...connection is shown at Figure 
21. 

It will be appreciated that, by varying the PWX 

duty cycle , the resultant DC (or average) voltage level 
thereof is changed, thereby shifting the flow signal up 
or down, as necessary. The. . . 
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...SPECIFICATION addresses some, but not all of the switching problems 
associated with Phares. Havel uses a pulse width modulated signal 
to provide current to respective LEDs at a particular duty cycle . 
However, no provision is made for precise and rapid control over the 
colors emitted. As a stand alone unit, the apparatus in Havel suggests 
away from network lighting, and therefore lacks any teaching as to how to 
implement a pulse width modulated computer lighting network. 
Further, Havel does not appreciate the use of LEDs beyond mere 
displays, such as for illumination. 

U.S. Patent No. 5,184,114, issued... LED will go through nearly two 
cycles without experiencing the zero current state of its duty cycle . 
For instance, assume the red register is set at 4 and the counter is set 



...it is frozen. Here, the counter is frozen just before the "off 'part" of 
the PWM cycle is to occur for the red LEDS . Now assume that the 
network data changes the value in the red register from 4 . . . 

...intensity value in the red register, the output state is still "on", 
meaning that maximum current is still flowing through the red LEDS . 
Meanwhile, the blue and green LEDs will probably turn off at their 
appropriate times in the PWM cycle. This would be perceived by the 
human eye as a red flicker in the course of dimming the color 
intensities. Freezing the counter and updating the output for the rest of 
the PWM cycle overcomes these disadvantages, ensuring the flicker does 
not occur. 

The network interface for microcontroller .. .modules each connected to a 
respective light module. As long as at least two primary color LEDs are 



used, any illumination or display color may be generated simply by 
preselecting the light intensity that each color LED emits. Further, 
each color LED can emit light at any of 255 different intensities, 
depending on the duty cycle of PWM square wave, with a frill intensity 
pulse generated by passing maximum current through the LED. Further 
still, the maximum intensity can be conveniently programmed simply by 
adjusting the ceiling for the maximum allowable current using 
programming resistances for the current regulators residing on the 
light module. Light modules of different maximum current ratings may 
thereby be conveniently interchanged. 

The foregoing embodiment may reside in any number of... 

.programmed microcontroller through respective A/D conversion means 15. 
Each potentiometer would control the current duty cycle , and thus the 
illumination intensity, of an individual color LED on LED board 25. 
With three settings each capable of generating a different byte from 0 to 
255, a computer-controlled flashlight may generate twenty-four bit color 
. Of course, three individual potentiometers can be incorporated into a 
single device, such as a... 

.may also be used to program the two or three registers necessary to set 
the color . A non-hand held embodiment of the present invention may be 
used as an underwater swimming pool light. Since the present invention 
can operate at relatively low voltages and low current , it is 
uniquely suited for safe underwater operation. 
Similarly, the present invention may be used. . . 
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...SPECIFICATION matrix LED flat panel display module which is capable of 
displaying approximately 16.7 million colors by combining red (660 nm) , 
green (525 nm) , and blue (430 nm) LEDs by mixing and pulse width 
modulation . By combining modules either horizontally, vertically, or 
both, virtually any size display board can be constructed. The module 
contains combination shift register, latch and constant current driver 
integrated circuits and row drive field effect transistors (FETs) . The 
module may use a. . . 

...four row multiplexed drive method or dual 8 row multiplexed drive method 
with 1/8 duty cycle for maximum brightness and minimum clock speeds. 
Data is displayed on the module using multiplexing... 
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...SPECIFICATION combining red (660 nm) , green (525 nm) , and blue (430 nm) 
LEDs by mixing and pulse width modulation . By combining modules 
either horizontally, vertically, or both, virtually any size display 
board can be constructed. The module contains combination shift register. 



latch and constant current driver integrated circuits and row drive 
field effect transistors (FETs) . The module may use a... 

...four row multiplexed drive method or dual 8 row multiplexed drive method 
with 1/8 duty cycle for maximum brightness and minimum clock speeds. 
Data is displayed on the module using multiplexing. . . 

...SPECIFICATION matrix LED flat panel display module which is capable of 
displaying approximately 16.7 million colors by combining red (660 nm) , 
green (525 nm) , and blue (430 nm) LEDs by mixing and pulse width 
modulation , By combining modules either horizontally, vertically, or 
both, virtually any size display board can be constructed. The module 
contains combination shift register, latch and constant current driver 
integrated circuits and row drive field effect transistors (FETs) . The 
module may use a. . . 

...four row multiplexed drive method or dual 8 row multiplexed drive method 
with 1/8 duty cycle for maximum brightness and minimum clock speeds. 
Data is displayed on the module using multiplexing... 
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Detailed Description 

LED will go through nearly two cycles without experiencing the zero 
current state of its duty cycle . For instance, assume the red 
register is set at 4 and the counter is set... 

...it is frozen. Here, the counter is frozen just before the "off part" of 
the PWM cycle is to occur for the red LEDS . Now assume that the 
network data changes the value in the red register from four. . . 

...intensity value in the red register, the output state is still "on", 
meaning that maximum current is still flowing through the red LEDS . 
Meanwhile, the blue and green LEDs will probably turn off at their 
appropriate times in the PWM cycle. This would be perceived by the 
human eye as a red flicker in the course of dimming the color 
intensities . Freezing the counter and updating the output for the rest of 



the PWM cycle overcomes these disadvantages, ensuring the flicker does 
not occur. 

The microprocessors that provide the .modules each connected to a 
respective light module. As loncy as at least two primary color LEDs 
are used, any illumination or display color may be generated simply by 
preselecting the light intensity that each color LED emits. Further, 
each color LED can emit light at any of 255 different intensities, 
depending on the duty cycle of PWM square wave, with a full intensity 
generated by passing maximum current through the LED. Further still, 
the maximum intensity can be conveniently programmed simply by adjusting 
the ceiling for the maximum allowable current using programming 
resistances for the current regulators residing on the light module. 
Light 1 5 modules of different maximum current ratings may thereby be 
conveniently interchanged. 

In an alternative embodiment of the invention, a special... of 
color-emitting semiconductor dies Grouped together in one structural 
unit , 

Alternatively, the array of color -emitting semiconductor dies can 
comprise a plurality of structural units, each comprising at least one 
color -emitting semiconductor die. An LED system can further comprise a 
plurality of structural units, each unit comprising a plurality of color 
-emitting semiconductor dies. It is understood that as long as at least 
two primary color LEDs are used, any illumination or display color 
may be generated simply by preselecting the light intensity that each 
color LED emits. Further, as described in part in the foregoing 
specification, each color LED can emit light at any of a large number 
of different intensities, depending on the duty cycle of PWM square 
wave, with a full intensity pulse generated by I 0 passing maximum 
current through the LED. The term brightness, as used herein, is 
understood to refer to the can be conveniently programmed simply by 
adjusting the ceiling for the maximum allowable current using 
programming resistances for the processors residing on the light module. 

1 5 In one. . . 
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Detailed Description 

addresses some, but not all of the switching problems associated with 
Phares. Havel uses a pulse width modulated signal to provide 
current to respective LEDs at a particular duty cycle . However, no 
provision is made for precise and rapid control over the colors 
emitted. As a stand alone unit, the apparatus in Havel suggests away from 
network lighting, and therefore lacks any teaching as to how to implement 
a pulse width modulated computer lighting network. 

Further, Havel does not appreciate the use of LEDs beyond mere ...LED 
will go through nearly two cycles without experiencing the zero current 
state of its duty cycle . For instance, assume the red register is set 
at 4 and the counter is set.,. 

...it is frozen. Here, the counter is frozen just before the "off part" of 
the PWM cycle is to occur for the red LEDS . Now assume that the 
network data changes the value in the red register from 4 , . . 

...intensity value in the red register, the output state is still "on", 
meaning that maximum current is still flowing through the red I 0 I,EDS 
. Meanwhile, the blue and green LEDs will probably turn off at their 
appropriate times in the PWM cycle. This would be perceived by the 
human eye as a red flicker in the course of dimming the color ^ 
intensities. Freezing the counter and updating the output for the rest of 
the PWM cycle overcomes these disadvantages, ensuring the flicker does 
not occur. 

5 The network interface for. . .modules each connected to a respective 
light module. As long as at least two primary color LEDs are used, any 
illumination or display color may be generated simply by preselecting 
the light intensity that each color LED emits. Further, each color 
LED can emit light at any of 255 different intensities, depending on the 
duty cycle of PWM square wave, with a frill intensity pulse generated 
by passing I 0 maximum current through the LED. Further still, the 
maximum intensity can be conveniently programmed simply by adjusting the 
ceiling for the maximum allowable current using programming resistances 
for the current regulators residing on the light module. Light modules 
of different maximum current ratings may thereby be conveniently 
interchanged. 

The foregoing embodiment may reside in any number of . . .nSiicrocontroller 
through respective A/D conversion means 15. Each potentiometer would 
control the current duty cycle , and thus the illumination intensity, 
of an individual color LED on LED board 25. With three settings each 
capable of generating a different byte from 0 to 255, a 

computer-controlled flashlight may generate twenty-four bit color . Of 
course, three individual potentiometers can be incorporated into a single 
device, such as a... 

. . .may also be used to program the two or three registers necessary to set 
the color . A non-hand held embodiment of the present invention may be 
used as an underwater swimming pool light. Since the present invention 
can operate at relatively low voltages and low current , it is 
uniquely suited for safe underwater operation. 

Similarly, the present invention may be used. . . 

Claim 

unit further correspond to the third color LED, the control means 
further generates a third pulse width modulated signal having a 
duty cycle corresponding to the third color LED intensity value, 
whereby the third pulse width modulated signals is alternately in a 
high or a low state, and the current switching means further applies 
current to the third color LED when the third pulse width 
modulated signal is in one of either the 
high or the low state. 



19 The network. 
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presence of illumination from the two additive constituents of the 
mixture . 

In addition to manipulating color , the microprocessor U I can pulse - 
width modulate the LED currents for purposes of thermal de-rating. A 
microprocessor U I with internal or external temperature measurement 
means (THI) can modulate the LED currents to very precisely follow the 
manufacturers' specified current ratings at each temperature as 
illustrated by the curve (2203) in Figure 22 labeled "Design Current 
for Software-Controlled Temperature Compensation". In the case of 
microprocessor controlled thermal de-rating, the current limiting means 
must provide a current greater than or equal to the maximum of the 
design current for software control. For the amber LEDs DI -133 in 
the example in figure 22 the current limiting means must provide at 
least 48mA. This would require changing the value of RI . . . 

...Figure 21 to 14 Ohm. At 70' Celsius the microprocessor Ul would begin 1 
5 pulse - width - modulating the current through DI -D3 in Figure 21 
to reduce the average current to safe levels using a lookup table, 
calculation or other means to determine the correct duty cycle . 
Alternatively RI in figure 21 could be set to 10 Ohm for a 68mA drive 
current and the duty cycle set at 7 0% to maintain an average 
current less than the manufacturers limit. Obviously, there are an 
infinite number of current and duty cycle combinations that can be 
used to maintain the required average current as long as the peak drive 
current does not exceed the LED manufacturer's peak current ratings. 

The invention has been described in detail for a rearview mirror 
incorporating an illuminator... 
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...SPECIFICATION voltage class. To set the current, the LEDs are provided 
with series resistors, where the resistance values are selected as a 
function of the forward voltage class of the respective LEDs . 

It would essentially be advantageous to also use LEDs for 
implementation of the incandescent bulbs... 

...same brightness is lower by a factor of 4 to 5. 

Nevertheless, in implementation of LEDs , especially for brake lights 
and taillights, with the possible implementations available in the past 
there . . . 

...additional heat problems with the LED brake lights known in the past, 
the number of LEDs per light is preferably selected as an integral 
multiple of 3 or 4. The arrangement... 

. . .and/or semiconductor components on the LED circuitboard represents an 
additional thermal stress for the LEDs . Another problem for mass 
production of such lights is the different forward voltage classes of 
the LEDs because a mixed assembly is impossible especially with the 
above-mentioned matrix circuit with a series connection of a maximum of 3 
to 4 parallel connections of n LEDs in the same forward voltage 
class. Consequently, several different forward voltage classes must be 
processed for each light project, which leads to an undesirable variety 
of variants. With the series resistors used in the past, the working 
point of the LEDs can be set only for one voltage value of the 
on-board voltage in the vehicle, so that the wide distribution of the 
forward voltages of an LED within one class always leads to a blurred 
setting of the working... 



..a resistance circuit. Superpositioning of several tolerances (reflector 
quality, geometric tolerances, band width of the brightness classes, 



resistance tolerances, band width of the forward voltage classes, 
transmittance of the light disk and the optically effective elements) can 
lead on the... on the angle of observation). 

The first control circuit means have a corresponding number of current 
sources, depending on the number of LEDs and the arrangement either 
all in rows or with several columns connected in parallel with LEDs 
connected in series. By means of the controllable current sources, the 
desired brightness can be set by setting the current . The second 
control circuit means, controlled by the first control circuit means, 
automatically set the proper voltage needed, depending on the circuit 
arrangement and the current set . Thus, the voltage must be adjusted 
upward by the second control circuit means in comparison with the 
voltage supplied by the wiring system when using only one column with a 
plurality of LEDs in series, whereas the voltage is reduced with an 
arrangement of several parallel columns with a few LEDs . In addition, 
the combination of upwards and downwards conversion is possible. 

To achieve a minimal ... Figure 4 shows the design of the load and shows 
several parallel connected columns of LEDs 9 connected in series, where 
each series connection is assigned to a current source which is 
connected to a logic circuit 8 . Logic circuit 8 is connected to control 
circuit 5 over line 7 . A constant current in each branch is guaranteed 
by means of current sources 15 because of the parallel connection of 
the individual LED branches 9, so the constant currents are applied by 
means of current sources 15 which are connected to control circuit 11. 
In the embodiment according to Figures 3 and 4, control circuit 5 is set 

at a lower voltage , e.g., 8.5 volt , than the on-board vehicle 
network due to the parallel connection of individual LED columns. In both 
embodiments, the ( current required) for the desired brightness is 
set and programmed after manufacture of the arrangement, taking into 
account the manufacturing tolerances. The respective voltage is then 
established as a function of the applied current , where • control circuit 
5 is always set at the lowest required voltage for optimum operation 
of the LEDs . 

Terminal 16 on logic circuit means 8 is used for external setting and 
programming of . . . 
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.SPECIFICATION represents the amount of voltage required to produce the 
intensity, I, produced by a specific light emitting diode (e.g. 
diode 10) . All of the anodes of the light emitting diodes are 
connected together and to the output terminal of voltage source 30. In 
the operation, a first step of voltage (e.g. 1=1) is applied to the 
output terminal (all of the anodes of... 

.to ground) that requires a first level or shade of gray. A second step 
of voltage (e.g. 1=2) is applied to the output terminal (all of the 
anodes of . . . 
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